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Sarcophaga ruﬁcornisAbstract The Malpighian tubules of pharate adult of Sarcophaga ruﬁcornis lacks the characteris-
tics of transporting epithelia with extremely thick basal lamina and absence of basal membrane
infoldings. There is heavy vacuolation in the region of basal infoldings. The mitochondria, very
often ﬁlamentous in nature, are abundantly found in the tubule cells, lying parallel towards the api-
cal region and in the process of being inserted into luminal microvilli. All the luminal microvilli do
not contain mitochondria; some of them are devoid of these structures. The central cytoplasm con-
tains a prominent nucleus, a high density of mitochondria, lipid droplets, spherocrystals and mul-
tivesicular bodies. Outside the basal lamina, are found several tracheoles. The study supports the
standing gradient hypothesis for ﬂuid transport by Malpighian tubules.
ª 2014 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. All rights
reserved.Introduction
The major function of insect Malpighian tubules is the
removal of nitrogenous waste, maintenance of ionic balance,
transportation of organic solutes and detoxiﬁcation (Dow,
2009). They are actively involved in the ﬁltration of body ﬂuid
by a process of secretion and reabsorption which ultimately
results in the formation of primary urine (Maddrell, 1977;Pannabecker, 1995). In the hindgut the ﬁltered ﬂuid or primary
urine is modiﬁed as a result of selective reabsorption of useful
substances whereas toxins are automatically excreted as there
is no mechanism for their absorption (Maddrell, 1971;
Maddrell and Gardiner, 1974; Maddrell, 1981; Chapman,
2008). The insect Malpighian tubule can be compared with
vertebrate nephron, and serves to perform specialized func-
tions such as osmoregulation, immune defenses and renal
clearance of toxic substances (Dow, 2009; Beyenbach et al.,
2010).
It is worthwhile to mention that the ultrastructure of
Malpighian tubules of larva and adult is well documented
(Gaino and Rebora, 2001; Arab and Caetano, 2002; Pal and
Kumar, 2012, 2013). However, apart from a signiﬁcant study
on structural/developmental changes in Malpighian tubules
during larval-pupal-adult development in skipper butterﬂy,
Calpodes ethlius by Ryerse (1978, 1979), there has been no
Fig. 2 Cross section of Malpighian tubule of pharate adult
showing several tracheoles (Tr), mitochondria (M), nucleus (N),
vacuole (V), and multivesicular body (Mb).
Malpighian tubules 11earlier report on the ultrastructure of Malpighian tubules dur-
ing the course of development. In the present communication,
the ultrastructure of Malpighian tubules of pharate adult dur-
ing pupal-adult development of ﬂesh ﬂy S. ruﬁcornis has been
described for the ﬁrst time.
Materials and methods
A culture of ﬂesh ﬂy, S. ruﬁcornis was maintained in the labo-
ratory at 27 ± 1 C and 75 ± 5 RH. Adult ﬂies were reared on
honey solution and water. Fresh slices of goat0s liver and kid-
ney constituted as a standard protein source were also used for
larviposition and for feeding the larvae. As soon as the last
instar larvae stopped feeding and moved to dry areas, they
were transferred to sawdust for pupation. The pharate adults
were dissected in insect ringer to remove Malpighian tubules
which were immediately ﬁxed in 4% glutaraldehyde in 0.1 M
sodium phosphate buffer, pH 6.8, at 4 C for 1 h to accomplish
primary ﬁxation. Following primary ﬁxation, the tubules were
rinsed in 0.1 M sodium phosphate buffer for 10–20 min at
room temperature and post ﬁxed for 45 min in a solution of
1% OsO4, prepared with 0.05 M sodium phosphate buffer
and 0.1 M sucrose and dehydrated with ethanol series and
embedded in Araldite. Sections were cut on an ultramicrotome
(Reichert ultracut E) and stained with 1% uranyl acetate and
lead citrate and viewed and photographed on a Philips CM 10
electron microscope at 100 kv.
Results and discussion
The tubular epithelium is covered by an extremely thick basal
lamina (Fig. 1). Outside the basal lamina are found several tra-
cheoles (Figs. 2 and 3). The basal membrane infoldings are
either absent or inconspicuous and there is heavy vacuolation
in the region of basal membrane infoldings (Fig. 1–3). The
mitochondria, most often ﬁlamentous in nature, are abun-
dantly found in this region and in the central cytoplasm
(Fig. 1–3). A large nucleus is found in the central cytoplasmFig. 1 Cross section of Malpighian tubule of pharate adult
showing extremely thick basal lamina (Bl), heavy vacuolation in
the region of basal membrane infoldings, mitochondria (M), big
vacuole (V), nucleus (N), spherocrystals (S), and multivesicular
body (Mb).
Fig. 3 Cross section of Malpighian tubule of pharate adult
showing tracheoles (Tr), spherocrystals (S), vacuole (V), lipid (L),
mitochondria (M), microvilli (Mv), and tubule lumen (Lu).(Fig. 1). Several vacuoles, mineral concretions or spherocrys-
tals, lipid droplets and multivesicular bodies are also found
in the central cytoplasm (Fig. 1–3).
Towards the apical region of the cells, ﬁlamentousmitochon-
dria found parallel to each other, running from the cytoplasm
towards the luminal microvilli and in the process of being
inserted into the microvilli have been observed. Mitochondria
are also found concentrated at the bases of microvilli (Fig. 3).
The process of insertion of mitochondria into microvilli is still
far from complete and some of the microvilli may contain mito-
chondria whereas some others are devoid of them (Fig. 4).
The ultrastructure of Malpighian tubules of pharate adult
of ﬂesh ﬂy, S. ruﬁcornis during pupal-adult development dem-
onstrates that it lacks all the characteristics of transporting epi-
thelia involved in the water and ion transport. This is evident
by an extremely thick basal lamina and absence of basal mem-
brane infoldings associated with mitochondria, as compared to
that found in larval and adult tubules of S. ruﬁcornis, where
tubular epithelium shows all the characteristics of transporting
Fig. 4 Cross section of Malpighian tubule of pharate adult
showing microvillus containing mitochondria (MvM), microvillus
devoid of mitochondria (Mva), mitochondria (M), and tubule
lumen (Lu).
12 R. Pal, K. Kumarepithelia (Pal and Kumar, 2012, 2013). In skipper butterﬂy, C.
ethlius, the basement membrane increases in thickness and the
basal membrane infoldings completely disappear in pharate
pupa when ﬂuid secretion is switched off (Ryerse, 1979).
In pharate adult of Sarcophaga, mitochondria are abun-
dantly found throughout the cytoplasm of the cell, in the basal
region, central cytoplasm and towards the apical plasma mem-
brane at the bases of microvilli. The mitochondria are also seen
being inserted into microvilli, though the process is still far
from complete. In C. ethlius, the resumption of ﬂuid transport
during late pupation is related to reinsertion of mitochondria
into microvilli and the formation of basal and apical channels
(Ryerse, 1978, 1979). It has been observed that mitochondria
are recruited from the cell cytoplasm and inserted into micro-
villi of stimulated Malpighian tubules of Rhodnius and they
remain there as long as the stimulation persists (Bradley and
Satir, 1977). It has been suggested that ﬂuid secretion stops
during pupation in all insects and Malpighian tubules are
remodelled during metamorphosis (Ryerse, 1979). It appears
that in pharate adult of Sarcophaga, the Malpighian tubules
are being remodelled during pupal-adult development but
not fully geared up for ﬂuid secretion, and the process is still
far from complete as the basal membrane infoldings have
not been formed and most of the microvilli do not contain
mitochondria as compared to larval and adult tubules where
mitochondria are intimately associated with well developed
basal membrane infoldings and luminal microvilli (Pal and
Kumar, 2012, 2013). Moreover, mineral concretions or sphero-
crystals are observed in the cytoplasm but not in the tubule
lumen as compared to adult Malpighian tubules of Sarcophaga
where spherocrystals/spherites have been observed in the
apical region as well as in the tubule lumen suggesting their
extrusion by exocytosis (Pal and Kumar, 2013). The overallultrastructure of Malpighian tubules of pharate adult of Sar-
cophaga, in respect of and as compared to those of larva and
adult, lends support to standing gradient hypothesis for ﬂuid
transport by Malpighian tubules, as proposed by Diamond
and Bossert (1967, 1968) and applied by Berridge and
Oschman (1969) in Calliphora erythrocephala to explain urine
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